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The detection and study of adsorbed molecules at solid-gas and solidliquid interfaces is an area of active and intensive research.
l While many sensitive probes have been developed for studies of surfaces in vacuo,l there is a lack of an in situ high-sensitivity, high-resolution probe to study adsorbed molecules at a solid-liquid interface.
2 The recent discovery of surface-enhanced Raman spectroscopy (SERS) may be an important breakthrough in that respect. 3 ,4 More recently, we have demonstrated that molecular monolayers adsorbed at a rough silver-electrolyte interface can also be readily detected by optical second-harmonic generation (SHG). 5 In fact, from a simple estimate, one expects that SHG should be observable without the surface enhancement due to rough surface 5 structures.
Here we apply both the SHG and SERS techniques to an in situ study of the equilibrium behavior of pyridine adsorption at a roughened silver-electrolyte interface 6 and show that the adsorption isotherm (fractional coverage versus bulk pyridine concentration) can be approximated by a Langmuir curve. 7 In addition, we determine that the transient response of the SHG depends strongly on the applied voltage, but only weakly on the pyridine concentration.
Our eXperiment was carried out on an electrolytically cycled silver electrode. We prepared the silver sample by mechanical polishing, ending with .05 tJm AR. Z 0 3 'Powder. We then submerged it together with a Pt working electrode and a reference saturated calomel electrode (SCE) in a glass cell containing 0.1 M KCR. in doubly distilled water, which was continuously purged by N2 gas. The sample was initialized by runninti three oxidation-reduction cycles, each with a charge transfer of -90 mCoull 2 cm. Pyridine was subsequently added to the electrolytic solution at a were avoided, since they might have led to an alteration of the condition of the silver surface. Measurements were taken under successive increases in the pyridine concentration; however, in order to verify that an equilibrium had been attained and that no irreversible changes were occurring, we determined that the SH signal for a weak solution of pyridine could be recovered by the dilution ofa concentrated one. We also checked that there were no laser-induced desorption effects under the, given operating conditions.
The observed SH signal came from both the silver substrate and the adsorbed molecules. Neglecting local-field corrections arising from interactions between adsorbed molecules, the nonlinear polarization asso- The adsorption isotherm can in general be quite complicated, depending on the mechanism of molecular adsorption. In many cases, however, 7 it can be approximated by the Langmuir curve
where K is a constant at fixed temperature T and N is the saturated as value of N for a monolayer surface coverage. In terms of the adsorpa tion free energy 6G in aqueous solution, we have 7
• . . and VAg-SCE. 0.8 V,for example, the signal, as shown in Fig. 3; first increased rapidly to a certain large magnitude and then decayed exponentially to the equilibrium value with a time constant T --36 sec.
This presumably indicates that during the establishment of the double layer at the silver electrode, more pyridine molecules appeared in re-
gions with large surface enhancement before relaxing to their equilibrium configuration.
The transient behavior of SHG is even more complicated. For VAg-SCE <-0.7 V, the signal also overshot its steady-state value and then decayed ( The solid curve is a theoretical fit to the e.xperimental data J using the Langmuir model. 
